The long-term cardiovascular outcomes of a populationbased cohort presenting to the emergency department (ED) with chest pain and classified with a clinical risk stratification algorithm are not well documented. The Olmsted County Chest Pain Study is a communitybased study that included all consecutive patients presenting with chest pain consistent with unstable angina presenting to all EDs in Olmsted County, Minnesota. Patients were classified according to the Agency for Health Care Policy and Research (AHCPR) criteria. Patients with ST elevation myocardial infarction and chest pain of noncardiac origin were excluded. Main outcome measures were major adverse cardiovascular and cerebrovascular events (MACCE) at 30 days and at a median followup of 7.3 years, and mortality through a median of 16.6 years.
INTRODUCTION
A cute chest pain in the emergency department (ED) is an important public health problem. It accounts annually for approximately 5 million patient visits, leading to 1.5 million hospitalizations for acute coronary syndromes in the United States alone. 6, 23 In 1994, the Agency for Health Care Policy and Research (AHCPR) published a definitive guideline for the diagnosis and management of unstable angina/non-ST-segment elevation myocardial infarction (UA/NSTEMI). 6 The Braunwald classification, 7 the foundation for the AHCPR guideline, has been prospectively validated to predict inhospital cardiac complications, 9 and forms the basis for predicting the shortterm risk of death or nonfatal myocardial infarction in the 2007 American College of Cardiology/American Heart Association (ACC/AHA) guidelines for the management of patients with UA/NSTEMI. 4 Based on the Braunwald classification and the current ACC/AHA guidelines, it is widely recommended that high-risk patients be admitted to the hospital, while most lowrisk patients can be discharged to follow-up with their primary care physician or cardiologist following stress testing. In the absence of contraindications, intermediate-risk patients are recommended to undergo evaluation over 6Y12 hours, including stress testing, thereby further substratifying these patients into a high-risk group for admission or a lower-risk group for outpatient care. 14 However, to our knowledge the AHCPR classification for chest pain has never been truly examined in the long-term; the longest follow-up is 1 year in a small sample of patients. 8 Although very similar to the current ACC/AHA guideline recommendations, the AHCPR classification does not include cardiac biomarker measurement, since it antedated the troponin era. It is therefore considered a true clinical risk stratification tool, based on history, physical examination, and electrocardiogram (ECG) findings, and can be applied rapidly upon arrival at the ED. In practice, both the ACC/AHA risk stratification tool (including biomarker assays) and the AHCPR guideline (purely clinical) are underutilized, and the current management of unselected acute chest pain patients is confusing and inconsistent because of the multiplicity of risk scores and protocols across institutions. Clinical risk stratification scores such as the Thrombolysis in Myocardial Infarction 5 (TIMI) and Global Registry of Acute Coronary Events 18 (GRACE) scores, developed more recently, have been used more frequently.
The TIMI score was developed by compiling patients participating in the TIMI 11B trial and the Efficacy and Safety of Subcutaneous Enoxaparin in Unstable Angina and Non-Q-Wave MI (ESSENCE) trial, consisting of patients with UA/NSTEMI. The TIMI score was developed by selection of independent variables using multivariable logistic regression, and 7 individual components were eventually selected based on their ability to predict risk individually and incrementally. The primary endpoint was a composite of all-cause mortality, myocardial infarction, or urgent revascularization. The 7 risk factors were age 65 years and older, at least 3 risk factors for coronary artery disease, prior coronary stenosis of 50% or more, ST-segment deviation on presentation ECG, at least 2 angina events in the last 24 hours, aspirin use in the last 7 days, and elevated cardiac markers. The AHCPR classification (Table 1) is similar in that it includes age, ECG changes, angina severity but does not include prior knowledge of coronary anatomy, medication use, coronary risk factors, and cardiac marker estimation.
The GRACE score, developed in an internationally diverse population including both ST elevation myocardial infarction (STEMI) and UA/NSTEMI, may be more representative of patients encountered in daily practice; it was validated both internally and externally, yielding consistent results. The GRACE score was developed to help predict short-term mortality and identified 8 variables. These included Killip class (equivalent of congestive heart failure), systolic blood pressure, heart rate, age, creatinine level, cardiac arrest at admission, ST-segment deviation, and elevated cardiac enzymes. The GRACE model is similar to the AHCPR model in that it incorporates easily identifiable clinical criteria, but differs from TIMI in that it included patients with STEMI and those not eligible for clinical trialsVsicker than those in TIMI. The GRACE cohort was derived from patients in 14 countries and 94 hospitals, and perhaps represented a population more similar to our cohort than TIMI.
We sought to validate the AHCPR guideline, rapidly applicable upon patient presentation, and accordingly to determine short-term and long-term patient outcomes to provide a compelling rationale for its routine use, especially in the era of resource-intensive strategies.
PATIENTS AND METHODS

Design Overview
Using written screening logs, we retrospectively identified all residents of Olmsted County, Minnesota, who presented to 1 of the county_s 3 EDs with acute chest pain from January 1, 1985, through December 31, 1992. The complete medical records of the screened population were reviewed by an experienced nurse abstractor, who identified the study cohort comprising all county residents presenting with an episode of acute chest pain during the study period, consistent with an unstable coronary syndrome. This was defined according to the Diamond classification 12 as follows: new onset or worsening pattern of ischemic chest pain, occurring at rest or with minimal exertion, and alleviated by sublingual nitroglycerin and/or rest.
Patients were excluded if they had ST-segment elevation suggestive of acute myocardial infarction on their baseline qualifying ECG (elevation Q1 mm in 2 or more leads), or a definitive alternate etiology for the chest pain, including pleuritic pain, pneumonia, musculoskeletal pain, pericarditis, and dissecting aortic aneurysm. These exclusions were made because the AHCPR criteria would not have much additive value in reaching these diagnoses.
Setting and Participants
For all eligible patients, the complete medical record was abstracted to determine the history of the qualifying episode, including past medical history and detailed physical examination findings. This was executed through the Rochester Epidemiology Project, which allows essentially complete capture of the health care experience, including outpatient care, for all residents of Olmsted County, Minnesota. 20 The Olmsted County Health Care Utilization and Expenditures Database, which is linked to the Rochester Epidemiology Project, contains detailed line-item information on all health services utilized and expenditures incurred by every member of the population for as long as they remain a resident in the county. Therefore, unlike any other geographically defined community in the United States, a complete clinical and health services utilization history is available for all county residents regardless of their identity, the affiliation of their health care provider, the site where care was delivered (inpatient, outpatient, nursing home), or the health plan in which they participated. The qualifying ECG was interpreted by a staff cardiologist from the Mayo Clinic and verified by 1 of the study physicians.
Intervention
Using the AHCPR criteria 6 ( Table 1) , patients were classified based on their initial ED presentation. Patients found to have a CK-MB or CK level greater than twice the upper limit of normal anytime within the first 24 hours of ED presentation were classified as the evolving myocardial infarction group.
Outcomes and Follow-Up
Long-term data were collected in 2 phases. In the first phase, with a median duration of 7.3 years, major adverse cardiovascular and cerebrovascular events (MACCE) including death, myocardial infarction, stroke, and need for revascularization were measured. Study subjects who did not have ongoing medical care visits in Olmsted County were contacted to determine vital status. The contact was initiated with a letter to the last recorded address. For patients for whom a response was not received, verification of status was confirmed through telephone contact with the patient directly or with family members, attending physicians, medical institutions, or nursing homes. Ninety-three percent of patients were followed through at least 1995.
In the second phase, the last known alive dates or death dates as of January 2007 were added. Death dates were obtained through State of Minnesota Electronic Death Certificates, State of Minnesota Death Tapes, Olmsted County Electronic Death Certificates, and Mayo Clinic records. Thirty-seven patients were excluded at this time for refusal to allow use of their records for research purposes (as required by Minnesota State statute). Additionally, 11 patients who died at presentation to the ED were also excluded because they were ineligible for prospective risk assessment and classification. Therefore, 97.9% of the cohort was studied for long-term mortality.
Statistical Analysis
Patients were classified as high, intermediate, or low risk by the AHCPR criteria, and comparisons were made across risk groups for MACCE. Thirty-day events excluded presenting events, and were compared with the Pearson chi-square test. Long-term survival rates were estimated by Kaplan-Meier methods and compared using the log-rank statistic. We compared the performance of the AHCPR criteria, a clinical risk stratification model, with our derivation of the TIMI risk score (TRS), which is a biomarker-based risk stratification model ranging from 0Y7 points for predicting short-term events, and has been validated for long-term outcomes as well. 5 Patients were classified into high (5Y7), intermediate (3 or 4) , or low (0Y2) risk according to the TRS definition. 17, 19 Prior percuta-neous coronary intervention or coronary artery bypass graft was used to identify patients meeting the criteria of prior stenosis Q50%. Any of the following were considered to meet the criteria of severe anginal symptoms: angina with S3 or new/worsening rales; rest angina; and nocturnal angina. A mosaic plot is used to display the frequency of patients found in each AHCPR and TIMI risk level combination ( Figure 1 ).
We used logistic regression analyses to estimate unadjusted and adjusted odds ratios for primary MACCE within the first 30 days of arrival at the ED. Cox proportional hazards regression models were used to estimate hazard ratios (HRs) for longterm survival and survival free of MACCE. Multiple regression models were developed as follows. Covariates with significant unadjusted associations with the endpoint were selected to create a multiple regression Bcovariate-only[ model. To this model, 3 more models were created by adding the AHCPR and TRS separately and together. Likelihood ratio tests of these models were used to estimate the partial significance of these risk scores.
RESULTS
From January 1, 1985, through December 31, 1992, 6801 residents of Olmsted County, Minnesota, presented to an ED with an episode of acute chest pain. Of these 2271 (33.4%) met eligibility criteria and were followed as study subjects. Ineligible patients were excluded for both cardiac and noncardiac reasons. Cardiac causes accounted for 4.4% of patients, including myocardial infarction with ST elevation in 3.6% of patients, stable angina in 0.7%, and aortic dissection in 0.1%. Noncardiac causes accounted for the exclusion of 40% of patients. Another 11.7% patients were excluded because they were nonresidents, and 10.4% for other reasons.
The mean age of the cohort upon presentation was 63 years, with 57.5% male and 14.8% with diabetes mellitus ( Table 2) . Using AHCPR criteria, 436 patients (19.2%) were classified as high risk, 1557 (68.6%) as intermediate risk, and 278 (12.2%) as low risk. High-risk patients were more likely to be elderly (p G 0.001). Applying the TRS to this population, 96 patients were classified as high risk (4.2%), 650 as intermediate risk (28.6%), and 1525 (67%) as low risk. The TRS reclassified over 60% of patients into a lower risk category compared to their AHCPR classification (Figure 1 ).
Thirty-Day Events
Over the first 30 days of follow-up after the qualifying ED visit, 153 (6.7%) patients suffered at least 1 primary MACCE (Table 3 ). According to the AHCPR criteria, the 30-day event rate was 11.5% in the high-risk group, 6.2% in the intermediate group and 2.5% in the low-risk group (p G 0.001). Those in the AHCPR intermediate-risk and high-risk groups with elevated biomarkers (evolving myocardial infarction) at presentation suffered a higher rate of subsequent events than those without biomarker elevation. Biomarker elevation did not confer additional risk for subsequent events in the low-risk AHCPR group, because coronary revascularization accounted for all of the 30-day events in the AHCPR low-risk group, except for 1 stroke.
In univariate logistic regression analysis, the following variables were significantly associated with 30-day MACCE: increasing age, prior myocardial infarction, prior stable angina, an abnormal index ECG, diabetes mellitus, hypertension, and decreasing systolic blood pressure. All variables except prior myocardial infarction and diabetes mellitus remained significant in a multiple logistic regression model. Sex, unstable angina, left bundle branch block, diastolic blood pressure, hypercholesterolemia, smoking status, and family history were not associated with 30-day events in the current study. 
Long-Term Follow-Up
During the first phase of long-term follow-up at a median of 7.3 years, we observed MACCE in 1136 patients, 709 of whom died. Unadjusted Kaplan-Meier survival curves showed a reduced cardiac-event-free survival rate for AHCPR highrisk and intermediate-risk patients compared to low-risk patients (Figure 2) . In our cohort, the AHCPR risk score was significantly associated (p G 0.001) with follow-up MACCE after adjusting for the variables listed below. Compared to patients classified as low risk by the AHCPR criteria, both intermediaterisk (HR, 1.91; 95% confidence intervals ECI^, 1.33Y2.75) and high-risk patients (HR, 2.45; 95% CI, 1.67Y3.58) were significantly more likely to suffer MACCE on long-term follow-up. Age, prior myocardial infarction, unstable angina, stable angina, diabetes, smoking status, hypertension, an abnormal ECG, left bundle branch block, and systolic blood pressure were all significantly associated with follow-up MACCE. All of these variables except for systolic blood pressure had significant adjusted associations in the multivariable regression model.
In the second phase, we observed 1208 deaths over a median follow-up of 16.6 years, translating into a mean annualized mortality rate of 4.7% for the cohort. Unadjusted Kaplan-Meier survival curves showed a reduced survival rate for AHCPR high-risk and intermediate-risk compared to low-risk patients. Importantly, for each risk group, survival was similar regardless of whether the patient had an initial elevation of cardiac biomarkers ( Figure 3 ). After adjusting for other risk factors, highrisk patients demonstrated a 1.68-fold (95% CI, 1.13Y2.50; p = 0.011) increase in mortality compared with low-risk patients, while intermediate-risk patients had a 1.38-fold (95% CI, 0.95Y2.01; p = 0.09) increase in mortality. When the TRS model was added to the multivariable regression model, it did not provide incremental prognostic value either alone (p = 0.60) or in combination with the AHCPR classification (p = 0.69).
DISCUSSION
The effectiveness of clinical prediction models has been demonstrated for cardiovascular risk assessment in stable populations. 15 However, optimal triage and management of unselected patients with acute ischemic chest pain remains challenging, and expensive, despite a multitude of riskstratification protocols. 22 In a large, population-based cohort of consecutive patients, we validated that the history, physical examination, and ECG-based AHCPR model predicts shortterm and long-term cardiovascular events. The ease and rapidity of implementation and the effectiveness of the AHCPR-based risk-stratification model affords a major logistic and financial advantage over other resource-intensive protocols. The overall 30-day cardiovascular-event rate in our cohort was 6.7%, which is comparable to that observed in randomized controlled trials. 16, 21, 24 Additionally, the previously unreported 4.7% average annual mortality rate over 16.6 years for a population presenting with ischemic chest pain is informative for designing future studies in similar unselected populations.
Impact on Short-and Long-Term Management of Acute Ischemic Chest Pain
In the current study, cardiac biomarkers identified patients at higher 30-day risk (evolving myocardial infarction group), and provided incremental prognostic information in the highrisk and intermediate-risk AHCPR groups (Table 3) . Therefore, the AHCPR model in conjunction with ultrasensitive modern biomarkers could prove to be a highly sensitive, specific, and efficient tool for reliable risk stratification of unselected chest pain patients in the ED. This approach needs validation in a prospective setting, and the findings from the current study provide a robust body of evidence to design such a study.
Notwithstanding the need for a short-term prospective study, the high long-term-event rates in intermediate-risk and high-risk patients by AHCPR criteria, regardless of initial biomarker status, should serve as an opportunity for aggressive management, both during hospital admission and outpatient risk factor modification. 4 By contrast, those stratified as low risk by AHCPR experienced a significantly lower 30-day-event rate, and the vast majority would have been suitable for early stress testing. Contemporary practice contraindicates stress testing in the 7% (18/278) subset of patients within the low-risk group with marker elevation (evolving myocardial infarction), but the low event rate, including no recurrent myocardial infarctions at 30 days, suggests false-positive enzyme elevation in several cases. The current literature suggests a similar 7% false-positive cardiac enzyme elevation in these patients, consistent with the rate observed in the current study. 13 Other groups have examined the safety and efficacy of early stress testing in unselected chest pain populations, and have advocated its use. 3 Risk stratification in the AHCPR guideline-based intermediate-risk group was clarified by the CHEER trial, which increased the proportion of chest pain patients suitable for discharge from the ED to nearly 50%. 14 In this group, biomarkers play a major role in triage; marker-negative patients are eligible for stress testing, and those failing the chest pain unit observation period or having a positive stress test are admitted. The preponderance of adverse cardiovascular events within the first month of hospital admission for patients with NSTEMI also supports the use of an efficient clinical risk stratification model in the ED. 2, 6, 10 As previously mentioned, alternative risk stratification protocols such as the TRS and the GRACE score have been used for triaging undifferentiated chest pain patients in the ED. The TRS can predict higher cardiovascular risk in patients with acute coronary syndromes at intermediate to high risk according to national guidelines, but was not designed as a prognostic tool for short-and long-term follow-up in unselected chest pain populations. In our consecutive cohort, clinical risk stratification with AHCPR performed more reliably than the derived TRS model in predicting short-term MACCE. When used alone, 67% of patients were classified as low-risk by TRS compared with only 12% by AHCPR. The low-risk TRS group had a higher event rate of 4.5% with a sizable proportion of myocardial infarctions (1.1%) compared to the 2.5% event rate in the low-risk AHCPR group with no recurrent myocardial infarctions at 30 days. At least part of this difference is likely related to the limitations of applying the TRS to an unselected population. In 1 large unselected chest pain population, a TRS of 1 was associated with a 30-day rate of death, myocardial infarction, and revascularization of nearly 8%, a large increase from the rate of 1.7% for a score of 0. 11 Long-term outcome data regarding patients presenting with UA/NSTEMI are limited despite numerous randomized controlled trials in acute coronary syndromes. 1 The current study is unique in that, to our knowledge, it is the only population-based study of consecutive, unselected patients documenting the natural history and long-term outcomes of patients presenting with acute ischemic chest pain. We demonstrate for the first time that a clinical classification successfully predicted long-term mortality. Importantly, the long-term event rates, regardless of index risk profile, were not influenced by biomarker abnormality on presentation, further supporting the importance of simple, clinical risk stratification as the foundation for short-and longterm risk stratification. Additionally, the AHCPR model for risk stratification is likely to be clinically applicable to a variety of ethnic populations given the experiences noted in large international studies. 15, 26 The AHCPR model may be advantageous from the resource utilization perspective because it is rapidly implemented and provides a strong framework for the proper interpretation of abnormal biomarker values. In addition, it does not require definition of the coronary anatomy for risk assessment. It is possible that if the cohort of the current study had been assembled in the present era, the outcomes may have been different because of the advances in diagnostic modalities (particularly imaging, such as computed tomographic angiography) and therapeutic modalities (antithrombotic treatments such as clopidogrel, platelet glycoprotein IIb-IIIa receptor antagonists; etc). However, our cohort, with nearly complete long-term follow-up, was followed during a period of extensive changes in diagnostic and therapeutic modalities, thereby providing insights into realworld outcomes. The extensive resources required to replicate such short-and long-term cohorts in developing countries make our findings globally pertinent. The additional costs accruing from extensive diagnostic testing in countries with limited health care budgets make the AHCPR model an attractive means for risk assessment and triage. 25 We believe that our patient population was more similar to the GRACE population than the TRS population because it included consecutive patients. The biggest dissimilarity between our patients and GRACE patients was our exclusion of STEMI patients. Similar to GRACE, we also observed in multivariable analysis that increasing age, an abnormal index ECG, and decreasing systolic blood pressure were independently associated with 30-day events. These similarities further validate our findings. Unlike TIMI and GRACE, cardiac marker elevation did not portend a poor short-term prognosis in our population. This could have resulted from fewer events and the nonavailability of troponin assays in our cohort.
The current study has limitations. This analysis was conducted in Olmsted County, Minnesota. The fact that the majority of our cohort is white may affect the generalizability of our findings. However, the AHCPR guideline has been validated in an urban multiethnic population in the United States. 9 In addition, the INTERHEART study 26 showed that risk factors affecting risk for recurrent events remained the same in populations across 52 countries. Another limitation is that we do not have detailed information about the causes of death in the 11 patients who died at presentation; or for the Olmsted County nonresidents who accounted for a small percentage of patients. Including these patients in our cohort may have affected the baseline and long-term event rates, but the impact is likely to be small.
Because all the events were either captured during hospital admission or were self-reported, the reported event rate may have been an underrepresentation of the actual event rate. However, the ascertainment and reporting of events in Olmsted County is likely to be more reliable than some other reports because it is geographically and financially confined. It would have been desirable to compare the AHCPR to a GRACE risk score model also, akin to the TRS comparison, but we did not have access to all patients_ renal function, precluding such modeling. Finally, troponin assays were not widely available at the time these patients were identified. For this reason, the results of the long-term mortality analysis demonstrating that patient risk was not affected by marker positivity at the index event may have been different.
Conclusion
In an unselected acute chest pain population, a simple clinical risk stratification strategy performed favorably for prediction of long-term cardiovascular events. This provides clinicians with an opportunity to identify patients at highest risk and most likely to benefit from a more aggressive cardiovascular risk factor management strategy. This is particularly important in populations where the ED serves as the first and sometimes only venue to assess risk, and in health care systems where resources are limited.
